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INTRODUCTION 
Optical coherence tomography (OCT) has shown that myopic macular retinoschisis (also 
called foveoschisis) is not uncommon in highly myopic eyes.1,2 Retinoschisis was 
detected in 9% to 34% of highly myopic eyes with a posterior staphyloma.1-4 Based on 
the OCT features of untreated and treated eyes, the pathogenesis of myopic macular 
retinoschisis has been attributed to strong traction on the retina exerted by residual 
posterior vitreous cortex, an internal limiting membrane (ILM), retinal vessels, or a 
combination of these.1,5-13 Axial length elongation and/or formation of posterior 
staphyloma in highly myopic eyes may generate the inward tractional force exerted by 
these factors. This is strongly supported by the remission of the retinoschisis after 
vitrectomy combined with ILM peeling, which theoretically releases the tractional forces 
exerted by the posterior vitreous cortex and the ILM and partly by the retinal vessels in 
the area from which the ILM was peeled.3,14-16 
Myopic macular retinoschisis progresses to a retinal detachment in 21% to 43% of 
eyes, whereas this disease is often stable for many years without progression to a retinal 
detachment in other eyes.12,13 Development of a foveal retinal detachment in myopic 
macular retinoschisis impairs vision more severely. Thus, it is clinically important to 
identify the risk of progression of macular retinoschisis to a foveal retinal detachment. 
However, it is difficult to determine which eyes with myopic macular retinoschisis develop 
a retinal detachment. With more recently developed spectral-domain (SD) OCT 
technology, macular features can be visualized in great detail.17-20 Commercially 
available SD-OCT instruments acquire images 43 to 133 times faster than time-domain 
(Stratus) OCT instruments. High-speed imaging allows acquisition of high-definition 
SD-OCT B-scan images20 or averaging of multiple OCT B-scans at each location of 
interest on the retina to reduce speckle noise, thus providing a more detailed view of the 
macular anatomy.21,22 In the current study, we evaluated SD-OCT images enhanced by 
high-definition or reduction of speckle noise obtained from eyes with myopic foveoschisis 




Twenty-one highly myopic eyes of 19 patients (3 men, 16 women) with macular 
Features in Myopic Macular Retinoschisis. Fujimoto et al.--2 
 
retinoschisis who underwent enhanced SD-OCT examinations were included. In this 
study, eyes with an axial length equal to or greater than 26.00 mm were defined as highly 
myopic. 
All patients underwent comprehensive ophthalmologic examinations, including 
autorefractometry, uncorrected and best-corrected visual acuity measurements using the 
5-meter Landolt chart, axial length measurement using the IOL Master (Carl Zeiss 
Meditec, Dublin, CA), slit-lamp examinations, intraocular pressure measurements using 
Goldmann applanation tonometry, dilated indirect slit-lamp biomicroscopy, and color 
fundus photography. 
 
ENHANCED SD-OCT EXAMINATION 
Experienced ophthalmologists examined all eyes using primarily SD-OCT instruments. 
Enhanced SD-OCT imaging was performed with the Spectralis™ HRA+OCT system 
(Heidelberg Engineering, Heidelberg, Germany), RTVue-100 (Optovue, Fremont, CA), 
and/or Cirrus HD-OCT (Carl Zeiss Meditec) to investigate the retinal microstructures. 
Enhancement of the B-scan images was achieved by reducing the speckle noise in 
Spectralis HRA+OCT and RTVue-100 by averaging 12 to 50 multiple OCT B-scans at 
each precise location of interest on the retina.22 Enhancement of the B-scans in Cirrus 
HD-OCT was achieved by acquisition of high-definition 6-mm B-scans (4,096 axial 
scans/image) in 0.3 second per image.20  
 
RESULTS 
The demographic data from all the patients (16 women, 3 men) are shown in Table 1. The 
ages of the patients ranged from 37 to 77 years (mean ± SD, 65.9 ± 6.6 years). The axial 
lengths ranged from 26.8 to 34.2 mm (mean ± SD, 29.7 ± 2.0 mm). Of the 21 eyes, 20 
(95.2%) eyes had posterior staphyloma. 
On OCT images, myopic macular retinoschosis in the outer retina was seen in all 
eyes. On enhanced SD-OCT images, splitting of the outer retina appeared to be present 
between the outer plexiform layer and the outer nuclear layer, because in all eyes the 
highly reflective layer representing the inner plexiform layer and two highly reflective lines 
representing the external limiting membrane (ELM) and the photoreceptor inner and 
outer segment junction (IS/OS) were seen in the anterior and posterior borders of the 
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retinoschisis, respectively (Figures 1, 2, 3, 4). In 20 (95.2%) of 21 eyes, multiple 
columnar structures were seen widely within the retinoschisis as long straight highly 
reflective lines at the fovea and throughout the retinoschisis. In six eyes in which 
progression to a foveal retinal detachment was observed during follow-up, the columnar 
structures within the area of the retinal detachment shortened markedly and lost the 
columnar shape as if they shrank (Figure 3). In addition to the retinoschisis in the outer 
retina, there were two other intraretinal separations on the SD-OCT images. 
Retinoschisis was found at the level of the inner plexiform layer (IPL; termed IPL schisis 
in this study) in 11 eyes (50.0%), and an inner limiting membrane (ILM) detachment was 
seen in 11 (50.0%) eyes, and both the features were found in nine eyes (42.9%). In the 
space beneath the ILM and within the IPL retinoschisis, multiple columnar structures 
were observed similar to those seen in the retinoschisis in the outer retina (Figures 1, 2). 
The ILM detachment was in the superior and/or inferior peripheral macula on vertical 
B-scans in all 11 eyes, but it was seen in only two eyes on the horizontal B-scans. A 
comparison with simultaneously obtained infrared images indicated that the retinal 
vessels were present in the area of the ILM detachments in all eyes (Figures 1, 2). 
Microfolds were seen in two (9.5%) of the 21 eyes, which corresponded to a retinal 
vessel; one was seen within an area with an ILM detachment and IPL retinoschisis 
(Figure 2) and the other was not associated with these features (Figure 3). A posterior 
hyaloid membrane was seen in only three eyes (14.3%) (Figure 4). 
A foveal retinal detachment was found at the initial examination in seven (33.3%) of 
the 21 eyes and developed during follow-up in six (28.6%) eyes. Ultimately, 13 (61.9%) of 
21 eyes developed a foveal retinal detachment. Macular holes developed in two of the 21 
eyes. Patients who developed a foveal retinal detachment were younger by a mean of 
6.4 years, but this difference was not significant (Table 2). There were no significant 
differences in the percentages of men or women or axial length between patients with 
and without a foveal retinal detachment (Table 2). Among the features visible on SD-OCT 
images, only an ILM detachment was found more frequently (P = 0.008) in eyes with a 
foveal retinal detachment (76.9%) than eyes without a foveal retinal detachment (12.5%) 
(Table 2).  
 
DISCUSSION 
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Enhanced SD-OCT image showed multiple columnar structures within the retinoschisis 
space that were consistent with previous studies, but these SD-OCT images showed 
more dense columnar structures in the outer retina throughout the macula compared with 
previously published single TD-OCT scan images.1,5,23 More importantly, this structure 
was seen not only in the retinoschisis in the outer retina but also in the split spaces 
beneath the ILM detachment and in the retinoschisis space in the IPL. All columnar 
structures were long and straight highly reflective lines bridging the inner and outer 
structures of the retinoschisis spaces, as originally described by Benhamou et al.,5 
suggesting that they are longitudinally stretched; in fact, in the six eyes that progressed 
to a foveal retinal detachment during follow-up, the columnar structures appeared to 
shrink and lose the straight shape. These findings suggested that a columnar structure 
itself has or transmits a tractional force like a spring. Shimada et al.24 suggested in a 
longitudinal study of five eyes with retinoschisis that progressed to a foveal retinal 
detachment using time-domain OCT that inward traction was transmitted to the outer 
retina through the foveal columnar structures in the retinoschisis layer. The presence of 
the dense columnar structures at all the 3 levels of the retinoschisis throughout the 
macula visible on enhanced SD-OCT images confirmed the presumed involvement of 
these unique structures in the development of a foveal retinal detachment. 
The presence of the columnar structures does not account for why some eyes with 
myopic macular retinoschisis had or progressed to a foveal retinal detachment, whereas 
other eyes did not, because in the current study multiple columnar structures were seen 
in almost all eyes on SD-OCT images in which the speckle noise was reduced. Among 
the features visible on these SD-OCT images, only an ILM detachment was associated 
significantly with whether eyes with retinoschisis had or progressed to a foveal retinal 
detachment. Although myopic macular retinoschisis is sometimes accompanied by an 
ILM detachment, the relevance of this feature is unclear.13,25 Because multiple columnar 
structures were also present in the intraretinal spaces beneath the ILM detachment, 
inward traction on the ILM can be transmitted through the columnar structures ultimately 
to the foveal outer retina. Taken together, an inward tractional force that causes ILM 
detachment might be transmitted through the intraretinal tissue and columnar structure at 
each level of the retinoschisis to the foveal photoreceptor layer. Thus, an ILM 
detachment may be a sign of strong inward traction in the retina that causes a foveal 
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retinal detachment. 
The cause of the ILM detachment is still uncertain. In the current study, the ILM 
detachments were always in the peripheral macula where there were retinal vessels 
including arterioles. A comparison of cross-sectional images with simultaneously 
obtained intraretinal images indicated that retinal vessels were present in the areas of 
the ILM detachment. Inward traction generated by retinal vasculature as a result of 
ocular elongation may cause myopic macular retinoschisis.9,10 Ikuno et al.9 showed that 
retinal microfolds commonly form after vitrectomy combined with ILM peeling as a result 
of residual inward traction exerted by the retinal arterioles in highly myopic eyes. Those 
authors showed that the locations of the retinal microfolds corresponded to those of the 
retinal arterioles mainly in the peripheral macula. In the current subjects, the ILM 
detachment was a primary feature and microfolds were seen only in some eyes before 
surgery. However, the location of the ILM detachment appears to be similar to that of the 
microfolds. If retinal vessels have inward traction as a result of ocular elongation, they 
could exert inward traction directly to the adjacent ILM, which may be partly responsible 
for the ILM detachments.  
Posterior staphyloma may be responsible for the mechanism by which foveal 
detachment occurs in eyes with macular retinoschisis. In our study, 95.2% eyes had 
posterior staphyloma, but it was uncertain whether posterior staphyloma was 
responsible for the foveal detachment or ILM detachment. Baba et al.2 reported that 
foveal retinal detachment was found in 9.0% highly myopic eyes with posterior 
staphyloma but not in highly myopic eyes without posterior staphyloma. Benhamou et 
al.5 suggested that posterior staphyloma is responsible for the development of retinal 
detachment in highly myopic eyes with a macular hole. This finding was based on long 
OCT B-scan images showing that in some cases, the retina seemed to be stretched over 
the staphyloma, similar to the “stretch retinoschisis” described by Green et al.26 Green et 
al. showed that in 1 myopic eye, the peripheral retinal vessels do not lengthen as much 
as the retina and sclera, thus probably leading to the separation of the retinal vessels 
and inner limiting membrane from the remainder of the retina. Shimada et al.27 showed 
that the incidence of posterior staphyloma was significantly frequent in eyes with 
paravascular retinal cysts and that this incidence significantly increased when the 
vascular lesions included paravascular lamellar holes, which were observed in 83% of 
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the eyes with macular retinoschisis. These studies do not present direct evidence of 
posterior staphyloma as a cause of foveal detachment; however, it is possible that 
posterior ectasia of the retinal pigment epithelium and the choroid resulting from 
posterior staphyloma, sclerotic retinal arterioles, and a firm inflexible ILM that cannot 
lengthen, may together enhance the inward traction exerted by the retinal arterioles, 
leading to foveal detachment.1,5,9,27 The association of ILM detachment with foveal 
detachment that was observed in our study appears to support the cooperation of 
posterior staphyloma and retinal arterioles/ILM in this hypothesis. 
The presence of a visible posterior hyaloids membrane was not associated with a 
foveal retinal detachment possibly because the study was limited in that it included only 
three eyes in which a posterior hyaloid membrane was visible. Larger studies may be 
required to confirm whether posterior hyaloid membranes are associated with the 
development of foveal retinal detachments. Nevertheless, our subjects included a case in 
which the detachment of a posterior hyaloid membrane gradually progressed from the 
peripheral macular to the fovea, but the posterior hyaloid membrane remained attached 
to the fovea without a foveal retinal detachment. Thus, traction by the posterior hyaloid 
membrane could change in contrast to the persistent traction exerted by the retinal 
vessels. Another limitation of the current study was that it was not a longitudinal or a 
cohort study. It is possible that some of eyes currently without a foveal retinal detachment 
will develop one during a longer follow-up period. Prospective longitudinal studies are 
needed to confirm our results.  
Enhanced SD-OCT images enabled improved visualization of the fine structures 
associated with macular retinoschisis, such as multiple columnar structures. Our 
previous study showed that speckle noise reduction by averaging more than 4 SD-OCT 
B-scans achieved significant improvement in contrast-to-noise ratios and also improved 
ophthalmologists’ ability to distinguish retinal structures.21 Srinivasan et al. showed that 
high-definition high-transverse pixel density OCT images improved visualization of 
photoreceptor and pigment epithelial morphology, as well as thin intraretinal and 
epiretinal structures.20 In the current study, however, the columnar structures were not 
clearly visualized in the extrafoveal regions. The oblique position of the extrafoveal 
regions against the OCT probe light may be responsible for the relatively worse depiction 
of extrafoveal pathologies; particularly in highly myopic eyes, the extrafoveal region is 
Features in Myopic Macular Retinoschisis. Fujimoto et al.--7 
 
located at a more oblique angle to the probe light when this region is situated further 
apart from the fovea. In addition, because OCT imaging is based on the patients’ visual 
fixation on the fixation signal within an OCT instrument, small involuntary eye 
movements probably cause the extrafoveal regions to move to a greater extent than the 
foveal regions. In speckle noise reduction, the larger movements can cause less precise 
averaging of multiple B-scans, leading to worse depiction of extrafoveal pathologies. 
Therefore, ophthalmologists should be aware of this limitation of the use of the current 
enhanced SD-OCT methods in highly myopic eyes for depicting small pathologies in the 
extrafoveal regions. 
In conclusion, the findings of this study suggested that an ILM detachment in the 
superior and/or inferior peripheral macula is a sign of persistent strong traction that can 
cause a foveal retinal detachment, which is likely transmitted to the outer retina through 
the dense columnar structures in the retinoschisis at each retinal level. This feature is 
useful for managing highly myopic eyes with macular retinoschisis. 
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FIGURE CAPTIONS 
Figure 1. Representative images show an internal limiting membrane (ILM) detachment 
in the inferior peripheral macula in an eye with a foveal retinal detachment (patient 1). 
The best-corrected visual acuity is 0.2. (Top left, and Middle left) Infrared fundus 
photographs show the green scan lines of the enhanced spectral-domain optical 
coherence tomography (SD-OCT, Spectralis HRA+OCT) images in (Top, and Middle 
right), respectively. The red and blue arrows indicate the points at which the scan line 
crosses the retinal vessels, which correspond to the red and blue arrowheads, 
respectively, in (Top right). (Top, and Middle right) Vertical and horizontal 9-mm 
enhanced SD-OCT B-scans show macular retinoschisis and a foveal retinal detachment. 
(Top right) The ILM detachment (white arrows) and inner nuclear layer schisis are seen 
between the red arrowheads in the inferior peripheral macula along the vertical scan. The 
superior point (blue arrow) corresponding to a retinal arteriole does not show any 
features such as a retinal microfold or ILM detachment. Multiple columnar structures are 
seen in the hyporeflective spaces within the ILM detachment and outer retinoschisis. 
(Bottom) The magnified (2X) view of the area outlined by red dashed lines in the 
SD-OCT images in (Middle right). A hyporeflective space with multiple columnar 
structures is present between the highly reflective outer plexiform layer (OPL) and highly 
reflective lines representing the external limiting membrane (ELM) and the photoreceptor 
inner and outer segment layer junction (IS/OS). 
 
Figure 2. Representative images show an internal limiting membrane (ILM) detachment 
in the inferior and superior peripheral macula in an eye with foveal retinal detachment 
(patient 11). The best-corrected visual acuity is 0.1. (Top left) Color fundus photograph. 
(Middle left) An infrared fundus photograph shows the red scan lines (*, †, and §). (Top, 
Middle, and Bottom center) Vertical (* and †) and horizontal (§) 6-mm enhanced 
spectral-domain optical coherence tomography (SD-OCT, Cirrus HD-OCT) images. (Top, 
Middle, and Bottom right) The magnified (2X) views of the areas outlined by red 
dashed lines in the SD-OCT images in (Top, Middle, and Bottom center), respectively. 
The red and blue arrows (Middle left) indicate the points at which the scan line crosses 
the retinal vessels, which are indicated by the red and blue arrowheads (Top, and 
Middle center, and Middle right), respectively, in the vertical SD-OCT images. The 
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vertical enhanced SD-OCT B-scans show macular retinoschisis and a foveal retinal 
detachment. The ILM detachment (white arrows) and inner plexiform layer (IPL) schisis 
are seen in areas including the retinal microfold at the point at which the scan crosses the 
retinal vessels as shown by the red arrowhead in the inferior peripheral macula along a 
vertical scan. The crossing point indicated by the blue arrowhead does not show a retinal 
microfold. IPL schisis is also seen in the superior macula peripheral to the crossing point. 
Multiple columnar structures are evident in the hyporeflective spaces within the ILM 
detachment, IPL retinoschisis, and outer retinoschisis. A hyporeflective space with 
multiple columnar structures is present between the highly reflective outer plexiform layer 
(OPL) and highly reflective lines representing the external limiting membrane (ELM) and 
the photoreceptor inner and outer segment layer junction (IS/OS). 
 
Figure 3. Images of an eye that progressed to a foveal retinal detachment without an 
internal limiting membrane (ILM) detachment (patient 2). This is an exceptional case in 
which a foveal retinal detachment developed, but no ILM detachment was found at any 
time during the progression. The images from this case are shown because the entire 
process of foveal retinal detachment formation is well documented. (Top left) A color 
fundus photograph shows the scan lines (white lines) in (Second, Third, Fourth, and 
Fifth row left). (Top center) An infrared fundus photograph shows multiple punctuate 
lesions corresponding to the columnar structures in the outer retinoschisis. (Top right) 
An infrared fundus photograph shows the green scan lines in (Sixth row and Bottom 
left). (Second, Fourth, Fifth, and Sixth row left) Horizontal enhanced spectral-domain 
optical coherence tomography images. (Third row, and Bottom left) Vertical enhanced 
SD-OCT. (Second to Fifth row left) 6 mm length B-scans in RTvue-100; (Sixth row, 
and Bottom left) 9 mm length B-scans in Spectralis HRA+OCT. (Second, Third, Fourth, 
Fifth, and Sixth row right) Magnified (2X) views of the areas outlined by red dashed 
lines on SD-OCT images in (Second, Third, Fourth, Fifth, and Sixth row left), 
respectively. The OCT images were obtained at the initial visit (Second, and Third row), 
and 1 month (Fourth row), 2 months (Fifth row), and 5 months (Six row and Bottom) 
after the initial visit. At the initial visit, the foveal photoreceptor layer appears intact based 
on the visibility of the highly reflective lines representing the external limiting membrane 
(ELM) and the photoreceptor inner and outer segment layer junction (IS/OS). At 1 month, 
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a small area in the temporal juxtafovea shows a retinal detachment. At 2 months, the 
retinal detachment includes the whole fovea. At 5 months, the foveal detachment has 
enlarged, and consequent disruption of the outer photoreceptor layer is seen. The 
best-corrected visual acuity was 0.6, 0.6, 0.3, and 0.3 at the initial visit and at 1 month, 2 
months, and 5 months after the initial visit, respectively. During progression to a foveal 
retinal detachment, the columnar structures indicated by white arrows gradually shrank 
and did not resemble a column. (Top left, and right) The red arrows point to where the 
scan lines cross the retinal vessels, indicated by red arrowheads in the vertical SD-OCT 
images (Third row, and Bottom). No ILM detachment or microfolds are seen.  
 
Figure 4. Images from an eye that did not progress to a foveal retinal detachment for 
many years without internal limiting membrane detachment (patient 14). (Top left) A 
color fundus photograph shows the scan lines (white lines) of optical coherence 
tomography (OCT) images in (Top, Second, Third, and Fourth row right). (Top, 
Second, and Third row right) Time-domain (TD) OCT (Stratus OCT) B-scan images at 
the same horizontal scan. (Top right) The initial visit; (Second row right) 6 months after 
the initial visit; (Third right) 26 months after the initial visit. The white arrows indicate the 
central edge of the posterior hyaloid membrane detachment. The red arrows indicate the 
peripheral ends of the retinoschisis in the outer retina. As the posterior hyaloid 
membrane detachment progressed, the area of the retinoschisis narrowed, and the 
height of the foveoschisis appeared to increase, but no foveal detachment developed. 
(Second row left, and Fourth row right) Spectral-domain OCT (SD-OCT, Cirrus OCT) 
B-scans at the same location and time as the TD-OCT image in (Third row right). 
(Second row left) A magnified (2X) view of the area outlined by red dashed lines in the 
SD-OCT images in (Fourth row right). The highly reflective lines representing the 
external limiting membrane (ELM) and the photoreceptor inner and outer segment layer 
junction (IS/OS) is nearly intact. (Bottom left) An infrared image simultaneously obtained 
with SD-OCT images in (Fifth row, and Bottom right) Horizontal (Fifth row right) and 
vertical (Bottom right) 9-mm length SD-OCT B-scan images (Spectralis HRA+OCT) 
obtained 33 months after the initial visit. The best-corrected visual acuity was stable 
during the 33 months (0.7, 0.7, 0.6, and 0.7 at the initial visit and at 6, 26, and 33 months 
after the initial visit, respectively). The red and blue arrows (Bottom left) indicate the 
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points where the scan lines cross the vessels, indicated by the red and blue arrowheads, 
respectively (Bottom right). There is a microfold (red arrowhead) at a point 
corresponding to the retinal vessel but no ILM detachment.  




